We review conceptual arguments and research on the role of asymmetric frontal cortical activity in emotional and motivational processes. The current article organizes and reviews research on asymmetrical frontal cortical activity by focusing on research that has measured trait (baseline) frontal asymmetry and related it to other individual differences measures related to motivation (e.g., anger, bipolar disorder). The review also covers research that has measured state frontal asymmetry in response to situational manipulations of motivation and emotion and as an intervening variable in motivation-cognition interactions. This review concludes that much research supports the view that greater left than right frontal cortical activity is associated with greater positively or negatively valenced approach motivation. The view that greater right than left frontal cortical activity is associated with withdrawal motivation, although supported, has received less empirical attention. In addition to reviewing research on the emotive functions of asymmetric frontal cortical activity, the reviewed research illustrates the need to consider motivational direction as separate from affective valence in conceptual models of emotional space.
| I N T R O D U C T I O N
Over the last two decades, research on asymmetric frontal cortical activation and emotion and motivation has flourished, as evidenced by several published reviews (e.g., Coan & Allen, 2004; Harmon-Jones, 2003a ; Harmon-Jones, Gable, & Peterson, 2010; Rutherford & Lindell, 2011) . In our own work, we have focused on a conceptual question regarding the emotive correlates of asymmetric frontal cortical activity. Specifically, we have sought to address whether asymmetric (left vs. right) frontal cortical activity is related to affective valence (positive vs. negative affect) or motivational direction (approach vs. withdrawal). Consequently, we focus this review primarily on research related to this conceptual question.
| D E F I N I T I O N S
As recommended by others (Izard, 2010) , we believe it important to clearly define the scientific concepts we will use. For us, affect is a broad term that encompasses emotions and moods and it reflects the subjective experience of the organism. Affective valence-whether an affect is positive or negative-is frequently used as a concept but infrequently defined. Lazarus (1991) suggested there are three ways researchers often (implicitly) define affective valence: (a) the emotion's adaptive consequences, (b) the conditions that evoked the emotion, or (c) the emotion's subjective feel. The first definition is based on the consequences of the affect, so if the affect produces positive consequences like good health, it is a positive affect, and if it produces negative consequences like bad health, it is a negative affect. We find this definition problematic for several reasons. Perhaps most importantly, many emotions that are commonly thought of as negative are often involved in producing positive consequences. Consider the child who experiences fear when she sees a reckless car approaching and consequently stays out of the street to avoid getting hit. In addition, what may be positive in the short term may be negative in the long term. Consider the angry man who gets his immediately desired goal but causes all of his coworkers to dislike him, resulting in him losing his job. A second definition of affective valence is based on whether the affect results from a situation that is considered positive (congruent with one's goals) or negative (incongruent with one's goals). Thus, positive affects are evoked by events that are viewed or appraised as positive to the organism. We have no problems with this definition, but we do believe that most researchers and laypersons do not use it in their own implicit theories of affect. The third definition concerns the subjective feel of the affective experience. The affects that organisms like to experience are positive affects, and the affects that organisms dislike are negative affects (Harmon-Jones, Harmon-Jones, Amodio, & Gable, 2011) . Emotion theorist Paul Ekman (2003, p. 190) also seemed to prefer this definition when he suggested that the liking or enjoyment of emotions underlies which emotions are considered as positive or negative: "Just as there is a set of distinctive emotions that we usually don't enjoy feeling, there is a set of distinctive emotions that we do enjoy feeling." When discussing affective valence, we use this last definition.
For us, motivation is an internal state of the organism that reflects the amount of energy or effort the organism will expend to accomplish something; this is motivational intensity. Motivational intensity should be distinguished from motivational potential. Motivational intensity is the amount of energy exerted, whereas motivational potential is the upper limit of energy the organism would exert (Brehm & Self, 1989 ). This distinction is important and may assist in understanding why certain stimuli may not always influence measures of motivation. Motivational potential is related to the benefits expected, such as the value of the reward and the need for it. When the difficulty of instrumental behavior is known (or perceived), perceived task difficulty will relate to motivational intensity in a nonmonotonic way (in the shape of a wedge). That is, the difficulty of exerting the behavior interacts with potential motivation to influence motivational intensity. If it is easy to obtain the reward, motivational intensity will be low, because little effort is needed to accomplish the goal. If it is moderately difficult to obtain the reward, motivational intensity will be higher if the reward is perceived as valuable and needed (i.e., if motivational potential is high). If, however, the reward is not perceived as valuable and needed (i.e., if motivational potential is low), motivational intensity will be low for this moderately difficult task. Finally, if it is impossible to obtain the reward, motivational intensity will be low (regardless of the level of potential motivation), because no amount of effort will gain the reward. This theoretical model of motivation has been supported in much past research (e.g., Brehm & Self, 1989; Gendolla, Wright, & Richter, 2012; Wright, Tunstall, Williams, Goodwin, & Harmon-Jones, 1995) , and it has guided some research on asymmetric frontal cortical activity (as we review below).
Motivational direction refers to where the organism is motivated to go. It can be motivated to go toward (approach) or to go away (avoid or withdraw) from something (HarmonJones, Harmon-Jones, . Most theories that consider motivational direction specify the "something" by positing that the organism is motivated to go toward rewards, desired outcomes, or positive goals, and that the organism is motivated to go away from punishments, undesired outcomes, or negative goals. We believe that organisms are indeed often motivated to approach or avoid based on these anticipations, but we do not believe that these anticipations should be part of the definition of motivational direction. Much evidence suggests that approach motivation can occur in the absence of any anticipated outcomes. For example, an individual in a manic episode can be very approach motivated or oriented to go toward things in the environment and exactly what she approaches will depend on what is available or present in the environment (e.g., sex or drugs). In this case, the manic "mood," not the anticipated outcome, caused the approach motivation. That is, this person could be approach motivated long before she finds a goal to go toward.
| T H E RE L A T I O N S H I P O F A S Y M M E T R I C F R O N T A L C O R T I C A L A C T I V I T Y W I T H A F F E C T I V E V A L E N C E
The interest in asymmetric frontal cortical activity and its relationship with affective variables goes back almost a century. Starting in the 1930s, clinicians observed that individuals who had suffered damage to the left frontal cortex were more likely to suffer depression as a result of the damage (Goldstein, 1939) . Additional studies replicated these results and found that individuals who had suffered damage or lesions to the left frontal cortex started to have depressive symptoms (Black, 1975; Gasparrini, Satz, Heilman, & Coolidge, 1978; Gainotti, 1972; Robinson & Price, 1982) , whereas individuals who had suffered lesions to the right frontal cortex started to have manic symptoms (Gainotti, 1972; Robinson & Price, 1982; Sackeim et al., 1982) .
Other research along these lines used the Wada test; it injects amytal, a barbiturate derivative, into one of the internal carotid arteries, causing a suppression of the activity of one brain hemisphere. Injection of amytal into the left side produced depressed affect, whereas injection of amytal into the right side produced euphoria (Alema, Rosadini, & Rossi, 1961; Perria, Rosadini, & Rossi, 1961; Rossi & Rosadini, 1967; Terzian & Cecotto, 1959) . These effects probably reflect the release of one hemisphere from contralateral inhibitory forces (Schutter & Harmon-Jones, 2013) . Thus, when the left hemisphere was deactivated by amytal, the right hemisphere became more uninhibited and more active, which caused depressed affect. Conversely, when the right hemisphere was deactivated by amytal, the left hemisphere became more uninhibited and more active, which caused euphoria.
Interest in asymmetric frontal cortical activity has received much empirical attention from EEG research. In this research, asymmetric frontal cortical activity is often measured by comparing alpha power (8-13 Hz) activity levels between areas on the left and right. Alpha power is inversely related to regional brain activity as suggested by research that has combined EEG with hemodynamic measures (Cook, O'Hara, Uijtdehaage, Mandelkern, & Leuchter, 1998) and behavioral tasks (Davidson, Chapman, Chapman, & Henriques, 1990) . The EEG frontal asymmetry research generally uses difference scores, and the use of difference scores is justified by the amytal and lesion research that suggests that asymmetry may be the critical variable; that is, one hemisphere may be inhibiting the opposite hemisphere. Studies using transcranial magnetic stimulation (Schutter, 2009; Schutter, van Honk, d'Alfonso, Postma, & de Haan, 2001 ) are also consistent with this view. In particular, the corpus callosum may play an important role in the asymmetric functioning of the frontal cortices (Schutter & Harmon-Jones, 2013) . The corpus callosum is the largest white matter bundle connecting the left and right hemispheres. It provides interhemispheric functional connectivity, which may aid in the hemispheric cross-talk associated with approach or withdrawal motivation. Because of these considerations, researchers often subtract left frontal alpha power from right frontal alpha power (after logtransforming the values to normalize the distributions, e.g., log F4 minus log F3), and then refer to the obtained result as relative left or relative right frontal activity, depending on whether the result is a more positive (relative left) or a more negative (relative right) numeric value.
| Resting asymmetric frontal activity and trait affect
Several early EEG frontal asymmetry studies examined EEG in individuals while they simply sat quietly in the lab for 4 to 8 min. This resting, baseline EEG was assumed to reflect something like a personality trait and it was related to other personality trait or individual difference measures. The first set of studies followed the lead of the lesion studies and focused primarily on depression. These studies revealed that depression was associated with relatively low left frontal activity (e.g., Allen, Iacono, Depue, & Arbisi, 1993; Jacobs & Snyder, 1996; Schaffer, Davidson, & Saron, 1983 ; see meta-analysis by Thibodeau, Jorgensen, & Kim, 2006) . Subsequent studies revealed that greater relative right frontal activity is associated with more negative affect, whereas higher relative left frontal activity is associated with more trait positive affect (Tomarken, Davidson, Wheeler, & Doss, 1992) .
However, some studies have failed to replicate some of the results concerning correlations between individual differences measures and resting, baseline frontal asymmetry (Reid, Duke, & Allen, 1998) . Consequently, researchers examined several resting, baseline EEG sessions from a large group of individuals and found that approximately half of the variance in a resting, baseline session is due to trait influences, whereas the remaining half of the variance is due to state influences (Hagemann, Hewig, Seifect, Naumann, & Bartussek, 2005; Hagemann, Naumann, Thayer, & Bartussek, 2002) . With so much variance in the resting, baseline EEG measure being due to state or situational influences, it is not surprising that the correlations between this EEG measure and other trait measures do not always replicate. That is, situational variables, particularly strong ones, may overwhelm the influence of a particular trait relationship with the resting, baseline EEG measure. For instance, two studies found that time of day and time of year correlated with asymmetric frontal cortical activity ). Specifically, both studies revealed that relative right frontal activity was highest during fall mornings. This time of year is associated with more depression (e.g., Magnusson, 2000) and this time of day is associated with higher cortisol levels (e.g., King et al., 2000) , and cortisol has been linked with withdrawal motivation. Perhaps greater resting relative right frontal activity occurred during fall mornings because of the combination of variables associated with decreased approach motivation (depression) and increased withdrawal motivation (cortisol).
Other variables are also likely to influence relationships between resting asymmetric frontal cortical activity and other trait variables. For instance, research has revealed that characteristics of the experimenter may influence these relationships (Wacker, Mueller, Pizzagalli, Hennig, & Stemmler, 2013) . We return to this issue later. In any event, relationships between resting asymmetric frontal activity and other personality traits are not invariant and may be influenced by certain situational variables, but there does appear to be sufficient evidence to suggest that the "trait" relationships are HARMON-JONES AND GABLE | indeed present. But exactly how trait frontal asymmetry occurs is unknown. At least three possible explanations exist. First, trait frontal asymmetry could simply reflect individuals' frontal asymmetry at rest, in a completely neutral state. This explanation seemed to be the guiding principle (at least implicitly) in the early trait frontal asymmetry studies. Second, the lab context in which the frontal asymmetry is measured is typically a relatively novel situation, and individual differences in response to this situation may "cause" the observed resting frontal asymmetry. That is, individuals with positive (or approach) temperaments may respond to the novel lab situation with greater relative left frontal activity, whereas individuals with negative (or withdrawal) temperaments may respond to the novel lab situation with greater relative right frontal activity. Third, the psychological processes of the individuals sitting in a resting baseline session may underlie their frontal asymmetry scores. That is, individuals who are daydreaming about their hopes and aspirations may have greater relative left frontal activity, whereas individuals who are worrying about their fears may have greater relative right frontal activity. Research is needed to better understand state and trait variance in resting baseline EEG measures.
Up to this point in the history of research on asymmetric frontal cortical activity and emotion-related variables, several studies had suggested that, when measured during a resting baseline, relative left frontal activity was associated with traits associated with more positive affect, whereas relative right frontal activity was associated with traits associated with more negative affect (e.g., see reviews by Coan & Allen, 2004; Rutherford & Lindell, 2011; Thibodeau et al., 2006) . However, these results could be interpreted in another way. That is, because most positive affective traits are directly associated with approach motivation traits, and most negative affective traits are directly associated with withdrawal motivation traits, approach versus withdrawal motivation (motivational direction) could also explain the obtained results. A similar interpretation could be made for depression and anxiety, as depression has been associated with decreased approach motivation and increased withdrawal motivation, and anxiety has been associated with increased withdrawal motivation (see review by Shankman & Klein, 2003) .
| Resting asymmetric frontal activity and affective reactions to stimuli
Another body of early studies examined whether resting asymmetric frontal cortical activity would predict affective reactions to situations or stimuli. For instance, studies found that, relative to individuals with greater relative left frontal activity, individuals with greater relative right frontal activity reported greater negative affective responses to negative emotion-inducing films (fear and disgust) and lesser positive affective responses to positive emotion-inducing films (happiness; Tomarken, Davidson, & Henriques, 1990; Wheeler, Davidson, & Tomarken, 1993) . Conceptually similar results were also discovered in 10-month-old infants. That is, infants with greater relative right frontal activity were more likely to cry in response to maternal separation (Davidson & Fox, 1989) .
Much like the resting asymmetric frontal activity and trait affect research, these studies can be explained by an affective valence or motivational direction conceptual model. That is, because the negative affective situations likely evoked withdrawal motivation (e.g., fear is often associated with withdrawal) and the positive affective situations likely evoked approach motivation (e.g., happiness is often associated with approach), either conceptual model can explain the observed relationships.
| Manipulations of asymmetric frontal cortical activity and affective reactions
The studies described above using resting baseline asymmetric frontal cortical activity were correlational, and consequently it is impossible to know whether asymmetric frontal cortical activity was causally involved in the affective variables. To provoke more causal evidence, researchers have attempted to manipulate asymmetric frontal cortical activity and examine this manipulation's influence on affective variables.
| Neurofeedback
To test the causal influence of asymmetric frontal cortical activity on affective responses to situational evocations, some studies have used neurofeedback training to manipulate asymmetric frontal cortical activity (e.g., Allen, HarmonJones, & Cavender, 2001; . With neurofeedback, participants are presented with tones or some other type of feedback that corresponds to their currently occurring brain wave activity at certain regions. If the brain wave activity is consistent with that desired by the experiment, some type of "reward" feedback is presented; if the brain wave activity is not consistent with that desired, "punishment" or no feedback is presented. The rewards could simply be the presentation of a tone that informs the participant that the desired brain change has occurred. These neurofeedback-induced changes in brain wave activity are the result of operant conditioning. The changes occur without participants being aware of how they occurred (Kamiya, 1979; Siniatchkin, Kropp, & Gerber, 2000) ; with extensive practice, participants can gain awareness of how to intentionally cause changes in brain wave activity (e.g., 8 weeks of practice; Kotchoubey, K€ ubler, Strehl, Flor, & Birbaumer, 2002) .
In one example experiment, participants were trained to increase relative right versus relative left frontal activity for 30 min a day for several days ). Participants were simply told to try to make a high-pitched tone play as much as possible. During the first second of each 2-s time period, an asymmetric frontal cortical activity index was computed (i.e., alpha power at F4 and F3), and this index was compared against a criterion value that had been established for that training session. If the asymmetry index exceeded the criterion value in the desired direction, a higher pitched (300 Hz) reward tone was played; if the criterion was not exceeded, a lower pitched (150 Hz) nonreward tone was played. On the last day of the study for each participant, immediately following the training session, participants viewed film clips designed to evoke emotions while zygomatic and corrugator muscle region activity was recorded.
Results indicated that the neurofeedback training had successfully altered asymmetric frontal activity. That is, participants who received neurofeedback training to increase relative right frontal activity showed a significant increase in relative right frontal activity from Day 1 to Day 3 and 4. In contrast, individuals who received training to increase relative left frontal activity did not show a significant increase in relative left frontal activity, but they did differ significantly from those who had received relative right frontal training (for a replication, see Quaedflieg et al., 2016) . As predicted, this manipulated change in asymmetric frontal cortical activity caused changes in affective responses. In particular, participants who received training to increase relative right frontal cortical activity had less zygomatic and more corrugator muscle region activity in response to all film clips than participants in the increase left frontal cortical activity condition. These results provided some of the first evidence to suggest that asymmetric frontal cortical activity is causally involved in affective responses.
| Unilateral hand contractions
Other research has used unilateral hand contractions as a way to manipulate asymmetric frontal cortical activity and examine its influence on affective responses. Unilateral hand or body contractions (Hellige, 1993) and unilateral contraction of the facial muscles in the lower third of the face (Rinn, 1984) cause increased activation of the contralateral brain hemisphere, because innervation of these muscles is contralateral. These unilateral body contractions likely influence emotive outcomes due to the spread of activation to, or recruitment of, contralateral frontal areas (Schiff & Lamon, 1989 .
Previous behavioral research has found that contractions of the left hand and of the left side of the lower third of the face cause individuals to report feeling more sad and to have more negative perceptions and judgments; on the other hand, contractions of the right hand and of the right side of the lower third of the face cause individuals to report feeling more positive affect and to have more positive perceptions and judgments (Schiff & Lamon, 1989 .
The first experiment to use unilateral body contractions to examine their influence on EEG and emotive outcomes had participants contract their left or right hand by squeezing a ball for approximately 4 min (Harmon-Jones, 2006) . Then, participants listened to a radio editorial about options for apartments in the city in which the participants lived. EEG was measured, and participants completed a self-report scale that contained items that measure positive activation (Watson, Wiese, Vaidya, & Tellegen, 1999) . Results indicated that the unilateral contraction of one hand caused greater activation of the contralateral hemisphere (as measured by EEG alpha suppression) over the central and frontal regions (see Gable, Poole, & Cook, 2013 , for replication). The unilateral hand contraction manipulation also influenced positive activation: Right-hand contractions caused greater positive activation to the radio editorial than the left-hand contractions. Moreover, within the right-hand condition, selfreported positive activation correlated with greater relative left frontal activity at midfrontal sites, but not at other sites.
Much like the evidence reviewed in the previous sections, the studies that manipulated asymmetric frontal cortical activity and examined its influence on positive and negative affective responses can be explained by an affective valence or motivational direction conceptual model. That is, this past research used negative affective situations that were likely also evoking withdrawal motivation and positive affective situations that were likely also evoking approach motivation.
| The influence of situational manipulations of positive and negative affect on asymmetric frontal cortical responses
Another line of research suggesting more of a causal relationship between asymmetric frontal cortical activity and positive and negative affect involved manipulating positive and negative affective states and measuring the resulting asymmetric frontal cortical activity. In one early experiment along these lines, Davidson and Fox (1982) had 10-monthold infants view film clips of an actress displaying happy or sad facial expressions. They found that the infant had greater relative left frontal activity to the happy face film clip as compared to the sad face film clip.
Other experiments have manipulated positive and negative emotions by having participants form facial expressions HARMON-JONES AND GABLE | of discrete emotions and measuring asymmetric frontal cortical activity during the posing of these facial expressions. In one early experiment, Ekman and Davidson (1993) found that, compared to facial expressions of nongenuine smiles of joy, facial expressions of genuine smiles of enjoyment caused greater relative left frontal activity. Another experiment by Coan, Allen, and Harmon-Jones (2001) found that when individuals posed facial expressions of fear they had less relative left frontal activity as compared to when they posed several other types of facial expressions.
Other experiments have produced conceptually similar results but have extended the previous experiments by examining asymmetric frontal cortical activity using ERPs. For example, Graham and Cabeza (2001) found that individuals had larger left frontal ERPs (positive slow waves; 750 ms to 1,250 ms after event onset) when viewing unfamiliar happy faces and larger right frontal ERPs when viewing unfamiliar neutral faces.
Again, the evidence reviewed in this section uses affective situations that also likely evoked motivational responses. As such, these results can be explained by an affective valence or motivational direction conceptual model.
| A S Y M M E T R I C F R O N T A L C O R T I C A L A C T I V I T Y A N D M O T I V A T I O N A L D I R E C T I O N
A large number of studies have found that the left frontal cortical region is involved in the experience of positive affect, whereas the right frontal cortical region is involved in the experience of negative affect. This line of research suggested a conceptual interpretation of asymmetric frontal cortical activity that focused on the experience of positive or negative affect, or affective valence. Alongside this conceptual view, researchers occasionally suggested that asymmetric frontal cortical activity was related to approach versus withdrawal motivation, or motivational direction.
| Resting frontal asymmetry and trait motivation
Two of the earliest studies to test the idea that motivational direction was related to asymmetric frontal cortical activity observed that individual differences in self-reported trait approach motivation related to greater relative left frontal cortical activity during resting baseline (Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997) . Of these two studies, one found that trait "withdrawal" motivation correlated with greater relative right frontal activity at baseline (Sutton & Davidson, 1997) , whereas the other found no significant correlation between trait withdrawal and relative right frontal activity (Harmon-Jones & Allen, 1997).
| Behavioral activation/behavioral inhibition
In these studies, approach and withdrawal motivation were assessed with the behavioral inhibition/behavioral activation system (BIS/BAS) questionnaires developed by Carver and White (1994) . The approach motivation (BAS) questionnaire includes items such as "I go out of my way to get things I want"; "I crave excitement and new sensations." The withdrawal motivation (BIS) questionnaire includes items such as "I worry about making mistakes" and "I have very few fears compared to my friends (reverse scored)." Carver and White's BIS/BAS questionnaire was based on Gray's (1987) theory of motivation, not on Gray's updated theory of reinforcement sensitivity (Gray & McNaughton, 2000) . In Gray's original theory, BAS was conceived as a motivational system sensitive to signals of conditioned reward, nonpunishment, and escape from punishment. Gray posited that the BAS caused movement toward goals. Gray's original BIS was conceived as a motivational system sensitive to signals of conditioned punishment, nonreward, novelty, and innate fear stimuli. Gray posited that the BIS inhibits behavior, increases arousal, prepares for vigorous action, and increases attention toward aversive stimuli. Interestingly, Carver (2009) has tended to refer to BAS as reward/incentive sensitivity and BIS as punishment/threat sensitivity.
Other studies have found that trait approach motivation is related to greater relative left frontal activity at baseline but that trait withdrawal motivation is not significantly correlated with relative right frontal activity (Amodio, Master, Yee, & Taylor, 2008; Coan & Allen, 2003) . De Pascalis, Cozzuto, Caprara, and Alessandri (2013) found that greater BAS was associated with greater left-sided activation in the middle frontal gyrus (BA11). Other studies have conceptually replicated the relationship of BIS/BAS with asymmetric frontal cortical activity by examining ERPs (Peterson, Gable, & Harmon-Jones, 2008) .
Conceptually similar results have been found using implicit measures of motivational systems of promotion and prevention. These systems have been described as being similar to approach and avoidance motivation (Higgins, 1997) but somewhat different: Promotion is a need for growth and advancement, whereas prevention is a need for safety and security (Molden, Lee, & Higgins, 2008) . In this study (Amodio, Shah, Sigelman, Brazy, & Harmon-Jones, 2004) , promotion and prevention regulatory focus were measured using a reaction time task that involved lexical decisions. Participants listed four words that represented attributes to which they aspired (which are related to promotion focus) and four words that represented attributes they felt they ought to possess (which are related to prevention focus). After listing these attributes, they performed a lexical decision task (word/nonword decisions) that included their individual words as well as filler words and nonwords. Reaction times to the words were used to assess the strength of promotion and prevention focus. Results revealed that a stronger promotion focus was associated with greater relative left frontal activity, whereas a stronger prevention focus was associated with greater relative right frontal activity.
Other research has found that greater relative left frontal activity is associated with higher trait impulsivity, a trait related to a diminished supervisory control system and heightened approach motivation (Gable, Mechin, Hicks, & Adams, 2015; Santesso et al., 2008) . Similarly, attention-deficit/hyperactivity disorder (ADHD) has been found to be associated with greater relative left frontal activity in both pediatric and adult samples (e.g., Keune et al., 2011; Keune, Wiedemann, Schneidt, & Sch€ onenberg, 2015) , presumably because ADHD is associated with increased approach motivation (Mitchell, 2010) . Neal and Gable (2016) examined whether multiple facets of impulsivity related to greater relative left frontal activity during a resting, baseline session. A sample of 150 participants completed the UPPS-P scale assessing negative urgency, positive urgency, lack of premeditation, and lack of perseverance (Cyders & Smith, 2007; Whiteside, Lynam, Miller, & Reynolds, 2005) . Negative and positive urgency assess the tendency toward rash behavior in intense positive and negative states. Lack of premeditation and lack of perseverance assess cognitive tendencies of impulsivity. Each of these facets of impulsivity related to greater resting left frontal activity (and reduced right frontal activity), suggesting that greater left frontal asymmetry relates to trait impulsivity.
However, some research has failed to replicate the relationship of relative left frontal activity measured at resting baseline with trait BAS, even among large samples (Gable, Mechin, Hicks, & Adams, 2015; Wacker, Chavanon, & Stemmler, 2010) . Some researchers have suggested that the correlation of trait BAS and relative left frontal activity measured at baseline may be influenced by situational variables. In one important test of this idea, Wacker and colleagues (2013) found that the significant correlation between trait BAS and greater relative left frontal cortical activity occurred primarily when male participants interacted with attractive female experimenters. This finding suggests that the association between relative left frontal activity and trait BAS may be most easily detected when individuals are in situations that arouse approach motivation.
Other research supports the hypothesis that situational contexts may enhance the link between trait approach motivation and resting left frontal activity. For example, research has linked trait positive arousal-a component of the approach system-with individual differences in left nucleus accumbens activity during anticipation of large gains (Wu, SamanezLarkin, Katovich, & Knutson, 2014 ). Hughes, Yates, Morton, and Smillie (2015) had participants complete a task varying in effort expenditure and rewards, in which participants chose to complete low-reward low-effort trials or high-reward higheffort trials. Greater resting left frontal activity related to greater effort in the pursuit of high-reward high-effort trials, but not low-reward low-effort trials. Baseline frontal activity appears to be more strongly associated with approach-motivated traits and states during incentive anticipation.
| Bipolar disorder
Another individual difference that has been linked to asymmetric frontal cortical activity via motivational direction is bipolar disorder. Individuals with bipolar disorder exhibit increased approach motivation during episodes of hypomania and mania and decreased approach motivation during episodes of depression. This observation led clinical psychological scientists to posit that individuals with bipolar disorder may have particularly high levels of approach motivation when exposed to events such as rewards, goal striving, and frustrations, but particularly low levels of approach motivation when exposed to events such as definite failure. Research has supported these predictions. Compared with individuals with no affective disorders, individuals who have Bipolar I disorder (Meyer, Johnson, & Winters, 2001 ) and individuals who are prone to hypomanic symptoms (Meyer, Johnson, & Carver, 1999) have higher scores on self-report measures of BAS sensitivity (Carver & White, 1994) , activation (subscale from Internal State Scale; Bauer et al., 1991) , and achievement motivation (Johnson, Ruggero, & Carver, 2005) . Moreover, hypomanic/manic, but not depressive, episodes have been found to be associated with goal-striving (Nusslock, Abramson, Harmon-Jones, Alloy, & Hogan, 2007) and goal-attainment (Johnson et al., 2000) life events.
Research using measures of asymmetric frontal cortical activity has also provided evidence consistent with this theory. For instance, greater relative right frontal activity, measured in EEG resting baseline measurements, has been found in bipolar depression (Allen et al., 1993) , whereas greater relative left frontal activity has been found in mania (Kano, Nakamura, Matsuoka, Iida, & Nakajima, 1992) . Moreover, proneness to hypomania/mania symptoms is correlated with greater relative left frontal cortical activity in response to anger-evoking events .
This BAS theory of bipolar disorder also posits that if an event is appraised as a challenge and evokes approachmotivated perceptions of successful coping, approach motivation should be increased and hypomania/mania symptoms may result for individuals with bipolar disorder. One study (Harmon-Jones, Abramson et al., 2008) tested part of this prediction by providing individuals with a bipolar spectrum diagnosis and individuals without any affective disorder anagram tasks that varied in difficulty (i.e., easy, medium, and hard) and also varied in whether a reward or punishment could be expected (i.e., individuals could gain or avoid losing money on each trial). EEG activity was recorded as individuals prepared to solve each trial type. Compared to individuals without any affective disorder, individuals with bipolar disorder were predicted to have greater relative left frontal cortical activity while preparing for the hard tasks because these tasks were the most challenging. This prediction was based in part on motivational intensity theory (Brehm & Self, 1989; Wright et al., 1995) , which posits that individuals (generally) should disengage when tasks are more difficult than the effort or outcome is worth. In contrast, individuals with bipolar disorder were predicted to be motivated even when confronted with very difficult tasks and thus not show the generally adaptive, energy-conserving response of disengagement. Moreover, individuals with bipolar disorder were predicted to be even more motivated by the reward (gain) trials, especially when they were hard, because these individuals are particularly sensitive to reward. Results supported these predictions, revealing that individuals with bipolar disorder, as compared to other individuals, had greater relative left frontal cortical activity to the hard/ rewarding task. In addition, among individuals with bipolar disorder, their self-reported hypomanic state correlated with greater left frontal activity to the tasks. Taken together, these results suggest that bipolar disorder partially influenced left frontal activity to the challenging and rewarding task via hypomanic state at the time of EEG recording.
Other trait variables relate to resting frontal asymmetry. For instance, Nash, Inzlicht, and McGregor (2012) found that greater relative right frontal activity related to increased error monitoring as measured by the ERP referred to as the error-related negativity. These results suggest that individuals with greater relative right frontal activity may be more concerned with making mistakes and with punishment. Similarly, other research has revealed that greater relative right frontal activity is associated with less risk taking (Gianotti et al., 2009). 4.2 | The influence of situational manipulations of motivation on asymmetric frontal cortical activity 4.2.1 | Pictures of motivationally significant stimuli Some experiments have not found expected effects of affective/motivationally significant pictures on asymmetric frontal cortical activity (Elgavish, Halpern, Dikman, & Allen, 2003; Hagemann, Naumann, Becker, Maier, & Bartussek, 1998 ; see reviews by Murphy, Nimmo-Smith, & Lawrence, 2003; Pizzagalli, Schackman, & Davidson, 2003) . These failures may have been due to the fact that the pictures evoked different levels of motivation across participants. That is, some participants may have responded with little to no motivation, while others responded with much more motivation (Harmon-Jones, 2007) . In tests of this idea, studies first measured participants' self-reported liking for dessert and the time since they had last eaten; these measures served as assessments of individual differences in emotion and motivation. Then, participants viewed dessert pictures and neutral pictures while EEG was recorded. Results indicated that individuals with stronger emotive tendencies (longer time since eaten, more liking for dessert) toward pictures of desserts had greater relative left frontal activity to dessert stimuli but not to neutral stimuli Harmon-Jones & Gable, 2009) . In these studies, the emotive pictures alone did not cause significant shifts in asymmetric frontal cortical activity; in other words, there was no main effect of picture type on asymmetry.
These results suggest that relative left frontal activity measured in the lab is at least partially dependent on individual differences that persons have toward the stimuli (e.g., liking of desserts) and have as a result of when they last satisfied a particular motive (e.g., time since last eating). Of course, some stimuli may be sufficiently strong such that they activate approach (or withdrawal) motivation in all participants. Along these lines, Sch€ one, Schomberg, Gruber, and Quirin (2016) found that erotic stimuli evoked relative left frontal activity in all of their participants.
The above experiments measured EEG alpha power. Other experiments have measured asymmetric frontal cortical activity using ERPs to affective/motivationally significant pictures. For example, van de Laar, Licht, Franken, and Hendriks (2004) found that individuals addicted to cocaine had larger positive slow wave responses over the left (but not right) frontal region when viewing cocaine-related photographs as compared to neutral photographs. In another experiment , participants viewed pictures designed to evoke low (neutral rocks) or high (desserts for persons who reported liking desserts) approach motivation. Late positive potential (LPP) amplitudes to dessert pictures were larger in left hemisphere frontal-lateral sites than right hemisphere frontal-lateral sites, but these hemispheric differences did not occur for neutral pictures (for a replication, see Gable & Harmon-Jones, 2013) . Similar effects have been found when pictures of alcohol cues are presented to individuals who like alcohol (Gable, Mechin, & Neal, 2016) .
| Positive affects varying in approach and asymmetric frontal cortical activity
If relative left frontal cortical activity reflects the intensity of approach motivation rather than positive affect per se, then it should be possible to manipulate the intensity of approach motivation within positive affect while holding positive affect constant to test this proposition. In other words, positive affects high in approach motivation should evoke greater relative left frontal cortical activity than positive affects low in approach motivation even when both types of positive affect are equal in positivity.
One of the first experiments to test this idea had participants describe the steps needed to obtain a desired goal (positive action-oriented), describe a normal day (neutral), or describe a past event that made them feel good without personal action (positive, inaction-oriented; E. Harmon-Jones, C. Harmon-Jones, Fearn, Sigelman, & Johnson, 2008, experiment 2) . Results revealed that self-reported positivity (enthusiastic, interested, happy, proud, and feel good about myself) was greater in the action-and inaction-oriented positive conditions as compared to the neutral condition, suggesting that the two positive affect conditions evoked equal levels of positivity. Moreover and consistent with predictions, participants in the positive action-oriented condition evidenced greater relative left frontal cortical activity relative to participants in the other two conditions. That is, high approach positive affect caused greater relative left frontal cortical activity than low approach positive affect.
| Facial expressions of approachmotivated positive affect
Facial expressions are another way that different levels of approach-motivated positive affect have been manipulated. First, research was needed to discover which positive emotions were associated with low versus high approachmotivated positive affect. So, in one experiment, participants were instructed to complete the action-orientation writing task manipulation described in the previous paragraph; then, the participants simply wrote one word that best described how they felt during the situation described (C. HarmonJones, Schmeichel, Mennit, & Harmon-Jones, 2011) . Participants were most likely to write "determined," which is also a word on the positive activation scale of the PANAS (Watson, Clark, & Tellegen, 1988) . In the next experiment, participants were simply asked to make a facial expression that best expressed "determination" or a low approachmotivated positive emotional facial expression of "satisfaction" or a neutral facial expression (Price, Hortensius, & Harmon-Jones, 2013) . Finally, in this same experiment, participants completed a task to measure behavioral persistence. Results revealed that participants who made the facial expression of high approach-motivated positive affect had greater relative left frontal activity than participants in the other two facial expression conditions. Moreover, within this key condition, greater relative left frontal cortical activity was correlated with greater behavioral persistence, suggesting that the greater relative left frontal cortical activity was associated with more behavioral approach.
| Using body posture to manipulate approach motivation
Another experiment conceptually replicated these effects using a different manipulation of high and low approachmotivated positive affect. Based on previous research (e.g., Harmon-Jones & , this manipulation had two levels: high approach motivation was manipulated by having sitting participants lean forward, as though they were reaching out for a desired object; low approach motivation was manipulated by having participants recline backward in a reclining chair (HarmonJones, Gable, & Price, 2011) . While sitting in a chair in one of these two postures, participants viewed appetitive (dessert) and neutral (rock) pictures through video glasses in order to maintain a consistent viewing distance. Results revealed that participants in the high approach leaning-forward posture had greater relative left frontal activity to appetitive dessert as compared to neutral rock pictures. In contrast, participants in the low approach reclining-backward posture did not have a difference in relative left frontal activity to appetitive versus neutral pictures. Thus, this manipulation of body posture influenced relative left frontal cortical activity to appetitive versus neutral pictures, suggesting that this manipulation influenced approach motivation (see Price, Dieckman, & Harmon-Jones, 2012 , for additional evidence consistent with this interpretation).
| Approach motivation and dissonance reduction
The above studies focused primarily on positive affect, but approach motivation can also occur during the experience of negative affect, as we review more fully below when we consider anger (see also Harmon-Jones et al., 2013) . Another situation in which approach motivation can occur during the experience of negative affect is during the experience of cognitive dissonance. The action-based model of cognitive dissonance proposes that, following a decision, organisms are poised for action, and this action-oriented state is an approach-motivated one. In other words, once an individual makes a decision or a commitment to an action, she should be approach motivated to enact that decision or follow through with that commitment ( | left frontal cortical activity. In addition, the increase in approach motivation should assist with cognitive dissonance reduction.
In one of the first tests of these ideas, participants were randomly assigned to a low choice or a high choice writing condition in which they wrote a counterattitudinal essay (increase tuition at their university; Harmon-Jones, Gerdjikov et al., 2008) . This choice manipulation has been used since the 1960s by researchers to induce cognitive dissonance. Essentially, it gives individuals in the low choice condition a feeling or perception of having no choice but to write the counterattitudinal essay as part of the experiment (i.e., the instructions indicate that the participant has been randomly assigned to write the essay). Or it gives individuals in the high choice condition a feeling or perception of having freely chosen to write the same counterattitudinal essay (i.e., the instructions give the participants a plausible reason that the experiment needs the essay but then remind the participants that it is their choice to write the essay). Immediately after participants started to write the counterattitudinal essay, EEG activity was recorded. Results revealed that participants in the high-choice condition had greater relative left frontal activation than participants in the low-choice condition. Harmon-Jones, Harmon-Jones, Serra, and Gable (2011) replicated this effect, and also found that greater relative left frontal cortical activity occurred even when participants were given high choice to write proattitudinal essays. These latter results suggest that the high choice or commitment to action is the critical variable causing the increase in relative left frontal cortical activity.
Another experiment (Harmon-Jones, Harmon-Jones et al., 2008) used neurofeedback of asymmetric frontal cortical activity and found that the neurofeedback reduced relative left frontal activity, replicating previous results ). Moreover, this manipulated reduction in relative left frontal activity produced less cognitive dissonance reduction, as predicted by the action-based model (HarmonJones, . More specifically, the neurofeedback-induced decrease in relative left frontal activity caused less attitude change following a difficult decision as compared to the condition in which neurofeedback was used to attempt to increase relative left frontal activity (although the neurofeedback did not successfully increase relative left frontal activity). This postdecisional attitude change has been referred to as spreading of alternatives because, after a difficult decision, individuals increase their liking of their chosen alternative and decrease their liking of their rejected alternative. That is, individuals spread their attitudes toward the decision alternatives farther apart from each other after a difficult decision compared to prior to the decision. According to the action-based model, this spreading of alternatives should assist with translating the decision into an effective decision or effective course of action. In other words, the increased spreading of alternatives should make the individual less conflicted about which alternative is best, and this should cause the individual to no longer vacillate between the decision options. That the manipulated decrease in relative left frontal activity caused a decrease in the spreading of alternatives suggests that decreasing approach motivation decreases cognitive dissonance reduction (see C. Harmon-Jones, Schmeichel, Inzlicht, & Harmon-Jones, 2011, and Harmon-Jones, Price, & Harmon-Jones, 2015, for other behavioral evidence linking approach motivation with dissonance reduction).
| Ego depletion increases approach motivation
A large body of research has suggested that, immediately after individuals engage in a bout of effortful self-control (e.g., inhibiting the desire to eat a tasty dessert), they suffer a reduction in self-control, so that they are more likely to fail at other types of self-control (e.g., react more aggressively to an insult; Stucke & Baumeister, 2006) . This effect, referred to as ego depletion, was originally predicted and explained by the strength model of self-control, which posits that self-control is a limited resource or strength (Muraven & Baumeister, 2000) . If an individual has recently engaged in self-control, then this limited resource or strength may be depleted and subsequent efforts at self-control may fail.
However, in the majority of studies testing this egodepletion effect, the initial acts of self-control caused increases in subsequent approach-motivated behaviors (e.g., food consumption, impulsive aggression). Thus, these results could instead indicate that exercising self-control causes an increase in approach motivation. Some studies have supported this interpretation by finding that exercising selfcontrol increases self-reported approach motivation, approach-motivated behavior, and perception of rewardrelevant symbols (Schmeichel, Harmon-Jones, & HarmonJones, 2010) . Taken together, these results suggest that failures of self-control that follow from prior self-control efforts (i.e., ego depletion) may be explained partially by increased approach motivation.
A study examining asymmetric frontal cortical activity to pictures that evoke affective responses provided further evidence along these lines. In this study, individuals who exercised self-control on a first task (i.e., an essay-writing task in which certain letters could not be used) had increased relative left frontal cortical activity while viewing pictures that evoked affective states. This effect was particularly evident among individuals with higher BAS than BIS, and particularly during positive picture viewing (Schmeichel, Crowell, & Harmon-Jones, 2016 ).
| Summary of section
Taken together, these studies suggest that relative left frontal cortical activity is associated with approach motivation even when the approach motivation is not perfectly related with positive affect. For instance, relative left frontal activity is greater when individuals are experiencing positive affective states that are high versus low in approach motivation, even when the two positive affective states are equivalent in general positivity (e.g., feelings of good mood or happiness). In addition, relative left frontal activity is also increased by manipulations that have no impact on positive affect but if anything increase negative affect. The cognitive dissonance experiments showing that commitments to chosen courses of action increase relative left frontal cortical activity provide evidence that shows that even when the motivational manipulations do not influence positive affect, they still influence relative left frontal cortical activity.
| A S Y M M E T R I C F R O N T A L C O R T I C A L A C T I V I T Y A N D A N G E R
Perhaps even more compelling evidence for the idea that relative left frontal cortical activity is associated with approach motivation independent of positive affect comes from research on anger. Anger is often considered to be a negatively valenced emotion that evokes behavioral tendencies of approach (e.g., Darwin, 1872; Ekman & Friesen, 1975; Plutchik, 1980; Young, 1943) . Anger is often associated with attack and offensive aggression (e.g., Berkowitz & Harmon-Jones, 2004; Blanchard & Blanchard, 1984; Lagerspetz, 1969) . Offensive aggression can be distinguished from defensive aggression, which is associated with fear instead of anger. Offensive aggression is associated with attacks without attempts to escape, whereas defensive or fear-based aggression is associated with attacks only when escape is not possible.
Research with young children has revealed that anger is associated with approach motivation (e.g., Izard, 1991; Lewis, Alessandri, & Sullivan, 1990; Lewis, Sullivan, Ramsay, & Alessandri, 1992) . Research with adults has revealed that individual differences in trait behavioral approach sensitivity (BAS) are associated with anger-related responses. For instance, trait BAS, as assessed by Carver and White's (1994) scale, is positively correlated with trait anger (Harmon-Jones, 2003b; Smits & Kuppens, 2005) . Trait BAS is also correlated with more intense anger in response to situational anger manipulations (Carver, 2004) . And trait BAS sensitivity is correlated with more aggressive inclinations particularly when approach motivation is first activated . In addition, trait BAS is correlated with more vigilant attention to angry faces presented out of conscious awareness; this finding is consistent with the idea that attention toward angry faces is involved in an approach-based dominance confrontation (Putman, Hermans, & van Honk, 2004) .
Given this and other evidence linking anger with approach motivation (see Carver & Harmon-Jones, 2009; Harmon-Jones, Harmon-Jones, Abramson, & Peterson, 2009; Harmon-Jones et al., 2013 , for reviews), research has examined the relationship between anger and relative left frontal cortical activity, to attempt to provide even more compelling evidence that relative left frontal activity is associated with approach motivation even when the affect associated with the approach motivation is not positive.
| Resting asymmetric frontal cortical activity and trait anger
In one of the first tests of the relationship between anger and relative left frontal cortical activity, trait anger was measured with the Buss and Perry (1992) Aggression Questionnaire, and relative left frontal activity was measured by examining baseline, resting EEG activity (Harmon-Jones & Allen, 1998) . In this study of adolescents, trait anger correlated with greater relative left frontal activity. Trait anger did not relate to asymmetric cortical activity in other nonfrontal regions. This specificity of anger to asymmetric activity in frontal regions but not in other regions has been observed consistently in studies on anger.
This finding has been replicated in adult populations. For instance, one study with university students found that trait anger related to greater relative left frontal activity during a resting baseline session (Harmon-Jones, 2004) . The same study also measured attitudes toward anger and found that, although individuals generally dislike anger, trait anger correlated directly with attitudes toward anger, such that individuals who scored high in trait anger liked anger more. However, attitudes toward anger did not correlate with relative left frontal cortical activity, suggesting that the relationship between anger and relative left frontal activity was not due to anger being regarded as a positive affect. In another study, relative left frontal activity correlated with trait anger (using the Buss and Perry [1992] Aggression Questionnaire) in incarcerated violent offenders (Keune et al., 2012) . Likewise, greater relative left frontal activity has been found to be correlated with aggression in adults with ADHD (Keune et al., 2011) .
| Manipulation of asymmetric frontal cortical activity and anger reactions
To test whether the manipulation of asymmetric frontal cortical activity would influence anger-related responses, several HARMON-JONES AND GABLE | different methods have been used. In one of the first experiments of this sort, slow repetitive transcranial magnetic stimulation (rTMS) was used to inhibit the left or right prefrontal cortex (d 'Alfonso, van Honk, Hermans, Postma, & de Haan, 2000) . Because slow rTMS inhibits cortical excitability, rTMS applied to the right frontal cortex should decrease its activation and cause the left frontal cortex to become more active. Conversely, rTMS applied to the left frontal cortex should increase activation of the right frontal cortex. This research found that rTMS applied to the right frontal cortex increased selective attention toward angry faces, whereas rTMS applied to the left frontal cortex increased selective attention away from angry faces. In other words, increased left frontal cortical activity caused participants to be more attentionally engaged toward approach angry faces, in a manner similar to an aggressive confrontation. In contrast, increased right frontal cortical activity caused participants to be more attentionally avoidant of angry faces, in a manner similar to fear-based avoidance. These results have been conceptually replicated (van Honk & Schutter, 2006) .
In an extension of this research, we tested whether manipulating asymmetric frontal cortical activity would influence behavioral aggression. To manipulate asymmetric frontal cortical activity, unilateral hand contractions were used. Their use was based on research that had found that contraction of the left hand increases relative right frontal cortical activity and that contraction of the right hand increases relative left frontal cortical activity (Harmon-Jones, 2006) . In this experiment on aggression, participants first contracted their right or left hand by squeezing a rubber ball for approximately 4 min. Participants then received insulting interpersonal feedback. Next, participants played a reaction time game against the other (ostensible) participant who had insulted them. This game provided a measure of behavioral aggression. In the game, participants could deliver to the other participant a noise blast (60 to 100 dB of white noise) for up to 10 s if they responded faster than the other participant when an image appeared on the computer screen. As predicted, participants who contracted their right hand had greater relative left central and frontal cortical activity than participants who contracted their left hand. Moreover, those who contracted their right hand gave louder and longer noise blasts to the other participant than those who contracted their left hand (Peterson, Shackman, & Harmon-Jones, 2008) . Finally, within the right-hand contraction condition, greater relative left frontal activity correlated with more behavioral aggression.
In a subsequent experiment, unilateral hand contractions were again manipulated, and anger was induced with social rejection or ostracism (Peterson, Gravens, & Harmon-Jones, 2011) . Replicating the previous results, right-hand contractions caused greater relative left frontal cortical activation than left-hand contractions did. Moreover, as compared to left-hand contractions, right-hand contractions also caused greater self-reported anger in response to being ostracized.
Another study used transcranial direct current stimulation (tDCS) to manipulate relative left versus relative right frontal activity (Hortensius, Schutter, & Harmon-Jones, 2012) . tDCS typically uses two electrodes-an anodal and a cathodal one-to administer weak electrical currents that induce changes in cortical excitability; these changes are thought to result from changes in the membrane potential (Nitsche & Paulus, 2000) . Anodal tDCS increases cortical excitability, whereas cathodal tDCS decreases cortical excitability (Nitsche & Paulus, 2000) . The use of these two tDCS electrodes over the frontal cortex allows simultaneous manipulation of the left and right frontal cortex; activity in one hemisphere is increased while activity in the corresponding contralateral hemisphere is decreased. In this study on anger and aggression, participants were randomly assigned to one of three conditions: one designed to increase relative right frontal activity, one designed to increase relative left frontal activity, and one that served as a sham control condition (i.e., participants received only a few seconds of tDCS in the sham condition but received 15 min of tDCS in the other two conditions). After receiving tDCS, participants received insulting interpersonal feedback and then were given an opportunity to act aggressively against the "person" who had insulted them, as in the study by Peterson, Shackman, and Harmon-Jones (2008) . Results indicated that, within the increase-left-frontal-activity condition, those who reported feeling the angriest about the insulting feedback engaged in the most aggression. In other words, self-reported anger was correlated with more aggression. Within the other conditions, no significant correlation between anger and aggression emerged. Taken together, these results suggest that anger is most likely to lead to aggression when relative left frontal cortical activity is greatest.
| Influence of state anger on asymmetric frontal cortical activity
Experiments have been conducted to test the effects of manipulated anger on relative left frontal cortical activity. In one of the first such experiments, individuals who were given an interpersonal insult (i.e., insulting feedback on an essay they had written) had greater relative left frontal activity than individuals who were not insulted (i.e., given mildly positive feedback; Harmon-Jones & Sigelman, 2001) . Within the insult condition, results revealed that self-reported anger and behavioral aggression were positively correlated with relative left frontal activity. Jensen-Campbell, Knack, Waldrip, and Campbell (2007) and Verona, Sadeh, and Curtin (2009) conceptually replicated the above results, using different designs.
In another experiment, some participants were first induced to feel sympathy for a person who insulted them, and some were not. This manipulation of sympathy influenced relative left frontal activity to the interpersonal insult, such that sympathy reduced the effect of insult on relative left frontal activity (Harmon-Jones, Vaughn-Scott, Mohr, Sigelman, & Harmon-Jones, 2004), consistent with the idea that sympathy reduces aggressive impulses (Miller & Eisenberg, 1988) .
Subsequent experiments have conceptually replicated these results. In one experiment, a social rejection experience was developed and found to increase self-reported anger and jealousy; moreover, the social rejection increased relative left frontal cortical activity, which was correlated with anger and jealousy correlated with anger and jealousy (Harmon-Jones, Peterson, & Harris, 2009) . A subsequent experiment using this same jealousy-evoking paradigm found that participants who were induced to have increased relative left frontal cortical activity via tDCS reported feeling more jealousy than participants in a sham-control condition and participants induced to have increased relative right frontal activity (Kelley, Eastwick, Harmon-Jones, & Schmeichel, 2015) . Similarly, 1-year-old infants who had greater relative left frontal activity at baseline displayed more jealousy-related responses when their mothers attended to a social rival (Mize & Jones, 2012) .
Another study recorded asymmetric frontal cortical activity when individuals with borderline personality disorder, major depressive disorder, or no disorder were subjected to a social rejection using Cyberball (Beeney, Levy, Gatzke-Kopp, & Hallquist, 2014) . Compared to individuals with no disorder, individuals with borderline personality disorder showed greater relative left frontal activity to the social rejection, whereas individuals with major depressive depression showed greater relative right frontal activity. These results are consistent with other research that suggests that individuals with major depressive disorder are more likely to respond with withdrawal and isolation to social rejection, whereas individuals with borderline personality disorder are more likely to respond with increased approach behaviors and hostility to social rejection.
Individual differences in trait BAS have also been found to relate to relative left frontal cortical activity to anger inductions (Gable & Poole, 2014) . In this study, Carver and White's BIS/BAS scales were used to measure trait withdrawal/approach sensitivities. Anger was induced using pictures, particularly those displaying anti-American images such as flag burning (as used in Harmon-Jones, HarmonJones, Amodio, & Gable, 2011) . Individual differences in BAS correlated with greater relative left frontal cortical activity (measured using EEG alpha power) to anger pictures controlling for relative left frontal activity to neutral pictures. In addition, BAS correlated with larger LPPs to anger pictures, but not to neutral pictures. Finally, larger LPP amplitudes to anger pictures related to greater relative left frontal cortical activity during anger pictures.
| Independent manipulation of approach motivation within anger
Anger is often associated with approach motivation. However, there may be occasions in which anger is not associated with approach motivation. For instance, some situations may make it impossible to act on angry urges and thus reduce the approach motivation of anger. Past theory and research suggest that when individuals believe that it is impossible to act, or when they expect to have low coping potential, they should have low motivational intensity (Brehm, 1999; Brehm & Self, 1989) .
Using these theoretical inspirations, research has attempted to manipulate approach motivation independently of the anger experience by manipulating the possibility of action. In one of the first experiments testing these ideas, participants were angered and prior to being angered led to believe they could or could not act on their anger by taking actions that might resolve the anger-inducing event (i.e., sign petitions to prevent a tuition increase at their university; Harmon-Jones, Sigelman, Bohlig, & Harmon-Jones, 2003) . As predicted, participants who were angered and expected to be able to engage in the approachrelated action had greater relative left frontal activity than participants who were angered and expected to be unable to engage in approach-related action. In addition, within the action-possible condition (but not within the other condition), participants who had greater relative left frontal activity in response to the angering event also reported more anger and engaged in more approach-related behavior (i.e., signed the petition and took more petitions to have others sign them).
This effect of manipulated approach motivation associated with anger influencing relative left frontal activity has been conceptually replicated using pictorial stimuli (Harmon-Jones, Lueck, Fearn, & Harmon-Jones, 2006) . In this study, individuals who scored low in racial prejudice viewed photographs designed to evoke feelings of anger, fear/disgust, positivity, or neutrality. The photographs designed to evoke anger depicted instances of racism and hatred (e.g., neo-Nazis, Ku Klux Klan). Before participants viewed the photographs, half of them were told that they would be asked to compose an essay on why racism is immoral, unjust, and unfair at the end of the experiment, and that this essay would be shown to other participants in a prejudice-reduction experiment. The other half of the participants were not given this instruction. This manipulation was designed to increase anger-related approach motivation for those who expected to write the essay. As predicted, participants who expected to act on their anger had greater relative left frontal activity to racist photographs than other photographs; participants who did not expect to act on their anger did not respond differently to the different types of photographs.
The results described above may seem to suggest that greater relative left frontal cortical activity will only occur in response to anger-evoking situations when explicit approach motivational opportunities exist. Research, however, suggests this not to be the case. That is, explicit opportunities to approach intensify relative left frontal activity, but they are not necessary for it to occur. For example, one study found that, when participants were shown anger-evoking pictures (and other pictures) and given no explicit manipulations of approach behavioral opportunities, those who scored higher in trait anger had greater relative left frontal activity to anger pictures compared to other pictures (Harmon-Jones, 2007) . These results suggest that the explicit opportunity for approach-motivated behavior increases the effects of anger on relative left frontal activity but is not necessary to evoke relative left frontal activity during anger.
Another experiment provided support for the idea that the approach motivational intensity associated with anger influences relative left frontal activity. In this experiment, whole body posture was manipulated to influence approach motivational intensity ). The idea that whole body postures can influence approach motivational intensity is supported by past research that has found that slumped postures can cause more "helpless behaviors" (Riskind & Gotay, 1982) . Building on this research, we surmised that a supine body posture is antithetical to approach motivation, or the urge to move toward something . In the experiment, after being randomly assigned to an upright or reclined (supine) body position, participants heard neutral or insulting interpersonal feedback, as in previous research (Harmon-Jones & Sigelman, 2001 ). Replicating past research, participants who received insulting feedback while sitting upright had greater relative left frontal activity than participants who received neutral feedback while sitting upright. More important, participants who received insulting feedback while in a reclined position had relative left frontal activity equal to participants in the neutral feedback/upright condition and lower than participants in the insulting feedback/upright condition. Thus, these results provide further evidence suggesting that anger relates to relative left frontal activity because of approach motivation-when approach motivation was reduced, anger did not cause greater relative left frontal activity.
| Anger and withdrawal motivation
The available evidence suggests that greater relative left frontal activity is correlated with anger because anger is often associated with approach motivation. However, if anger is not invariably correlated with approach motivation, is it possible for anger to be associated with withdrawal motivation and an increase in right frontal activation?
In one of the first experiments designed to test this idea, Wacker, Heldmann, and Stemmler (2003) had soccer players imagine that they were unfairly prevented from playing a soccer game by the coach. In the condition designed to evoke anger with approach motivational inclinations, the players imagined approaching the coach and protesting. In the condition designed to evoke anger with withdrawal motivational inclinations, they imagined backing out of the locker room and swearing silently at the coach. Both conditions evoked self-reported anger and increased relative left frontal cortical activity, but the two conditions did not differ from each other.
In another correlational study, Hewig, Hagemann, Seifert, Naumann, and Bartussek (2004) used the trait angerout, trait anger-in, and trait anger-control scales of the StateTrait Anger Expression Questionnaire (Spielberger, 1988) to assess the relationships of these variables with resting baseline asymmetric frontal cortical activity. Trait anger-out likely taps approach-motivated anger as it is characterized as "expressing angry feelings in aggressive verbal or motor behavior directed toward other people or objects in the environment" (e.g., "When angry or furious, I lose my temper"; Spielberger, Reheiser, & Sydeman, 1995, p. 57) . Trait angerin taps the degree to which persons hold in anger (e.g., "When angry or furious, I keep things in"); and trait angercontrol taps the degree to which persons control their anger (e.g., "When angry or furious, I control my angry feelings"). Consistent with previous results with approach-motivated anger, trait anger-out correlated with greater relative left frontal activity. In a novel extension of previous research, trait anger-control was found to be correlated with greater relative right frontal activity. Finally, trait anger-in was not correlated with asymmetric frontal cortical activity. Hewig et al. (2004) interpreted these results by positing that angercontrol correlated to relative right frontal activity because individuals who score high in anger-control also score high in withdrawal motivation.
Anger may be associated with withdrawal motivational tendencies, but the evidence collected thus far provides mixed support for the idea. Anger may be most likely to be associated with withdrawal motivation when the situation evokes the feeling of anger along with concerns about being punished and anxiety. One situation in which this type of mixed state may occur is one in which a person is angry about a social policy that most other persons accept, and thus he worries about expressing anger about the policy. In such a situation, the angry person may be motivated to withdraw so as to avoid social punishments that might occur if others noticed the anger.
A social situation in which this type of anger may occur is one in which some individuals are angry about the pressure to act in accord with norms that encourage political correctness and discourage public expressions of racial prejudice (Plant & Devine, 1998) . If an individual feels angry because of such, he may be motivated to withdraw even though he feels angry (and probably anxious about the social pressure). Consistent with these ideas, research has revealed that some individuals feel angry when socially pressured to respond without racial prejudice (Plant & Devine, 2001 ).
In the study by Zinner, Brodish, Devine, and HarmonJones (2008), White participants were told they were going to interact with a Black participant (as in Plant & Devine, 2003) . To increase the chance that some participants would feel angry, pressure to act in a politically correct manner was applied by emphasizing the social importance of having harmonious interracial interactions. Once participants were told they would interact with a Black person, their EEG was assessed as they were asked to "mentally prepare" for the interaction. After this EEG recording and just prior to the expected interaction, participants reported their affective state concerning the upcoming interaction. As expected, self-reported anger correlated with greater relative right frontal cortical activity (controlling for baseline measurements of both variables). In other words, White individuals who felt more anger about the upcoming interaction with a Black person also had greater relative right frontal activity. Anger also correlated with greater skin conductance levels; these results suggest that individuals who felt more anger had more sympathetic nervous system activity. In addition, anger correlated with more spontaneous eye blinking, which has been found to be correlated with efforts at suppressing emotions (Gross & Levenson, 1993) . These results suggest that the angered participants may have been trying to suppress their anger because they were concerned about being socially inappropriate. Finally, self-reported anger correlated with selfreported anxiety, suggesting that this social situation had also evoked punishment concerns for those individuals who were angry. Taken together, these results are consistent with the idea that anger may be correlated with relative right frontal cortical activity when individuals are motivated to withdraw.
Anger may also be associated with withdrawal motivation when anger is associated with rumination. When individuals are inhibited from acting on their anger, they may ruminate about it; that is, they may have repetitive thoughts about their angry situation that are difficult to inhibit and are associated with a passive focus on the anger (e.g., Nolen-Hoeksema, 2000) . Consistent with the idea that rumination is associated with withdrawal motivation and perhaps relative right frontal activity, research has found that trait rumination is correlated with BIS and not BAS (Denson, Pedersen, & Miller, 2006) , and trait rumination is more highly correlated with trait anger toward oneself than with trait anger toward other people (Martin & Dahlen, 2005) . In this study on anger and rumination (Kelley, Hortensius, & Harmon-Jones, 2013) , participants were randomly assigned to receive one of three tDCS treatments to increase relative right, relative left, or neither hemispheric frontal activity, as in Hortensius et al. (2012) . Then, participants received insulting interpersonal feedback. However, unlike past research, they never expected any opportunity to retaliate. After receiving the feedback, participants completed questionnaires designed to measure rumination about the situation. Results revealed that participants who received tDCS to increase relative right frontal activity ruminated more than participants in the other conditions. Thus, when individuals are blocked from acting on their anger, those who have greater relative right frontal cortical activity show increased repetitive thoughts about their situation and a passive focus on their anger.
| Questions about the anger research
Some scientists have raised questions and concerns about the use of anger to address conceptual issues surrounding asymmetric frontal cortical activity. For example, Watson (2009) suggested that anger has both approach and avoidance properties. As reviewed above, research has revealed that anger is associated with both approach and avoidance (e.g., Harmon-Jones, 2003b). However, based on the evidence, we believe that it is more often associated with approach motivation, and when it is associated with avoidance, it is also associated with fear/anxiety and relative right frontal activity (e.g., Zinner et al., 2008) .
Others have raised questions about the relationship of different types of anger with asymmetric frontal cortical activity (e.g., Miller, Crocker, Spielberg, Infantolino, & Heller, 2013) but typically done so with correlational studies (e.g., Stewart, Levin-Silton, Sass, Heller, & Miller, 2008) . We believe that conceptual questions are often best examined in experiments in which the conceptual variables can be directly manipulated. Ideally, these manipulations would involve relatively strong manipulations of emotive processes; studies that simply have participants read emotion-related words are unlikely to manipulate emotional experiences or motivational intensity for the majority of individuals.
We believe this review presents conceptually and empirically strong work linking angers that vary in motivational direction and intensity with patterns of asymmetric frontal cortical activity. As such, we hope it addresses many questions that have been raised.
| Investigating guilt: Toward an understanding of temporal dynamics of emotion processes
Research on asymmetric frontal cortical activity and guilt yielded some novel insights by delving into the issue of HARMON-JONES AND GABLE | whether asymmetric frontal cortical activity varies with changes in motivational intensity over relatively brief periods of time. In other words, if relative left frontal cortical activity is associated with approach motivation, it should change as approach motivational intensity changes. Guilt provides an interesting test case, because guilt has been posited to serve two distinct motivational functions that operate in temporal sequence (Amodio, Devine, & Harmon-Jones, 2007) . That is, guilt has been proposed to first cause a reduction in approach motivation when the person becomes aware of having committed a social transgression. This reduced approach motivation is then followed by increased approach motivation when the person has a behavioral opportunity to repair the transgression.
In one test of these hypotheses, White Americans who scored low in self-reported racial prejudice were given rigged feedback that pointed out they had just provided physiological evidence of prejudice toward Blacks while viewing pictures of Blacks, Whites, and Asians. Immediately following the presentation of this feedback on the computer monitor, EEG was recorded for 2 min and self-reported emotions were assessed. Then, the participants' responses to stimuli associated with repairing the transgression (e.g., prejudice reduction) were measured. This reparation behavior was assessed by showing participants magazine article titles that were relevant (e.g., "10 ways to reduce prejudice in everyday life") or irrelevant to reparation (e.g., "Five steps to a healthier lifestyle"). In response to each title, participants indicated the extent to which they would want to read the article.
In support of hypotheses, self-reported guilt was associated with a decrease in relative left frontal cortical activity to the feedback; this suggested a decrease in approach motivation occurred initially. Later, when participants were given the opportunity to repair their transgression, self-reported guilt was correlated with more interest in prejudice-reducing behavior, which was also associated with greater relative left frontal activity. These results suggest that asymmetric frontal cortical activity varies with changes in approach motivation even when these changes occur over relatively brief periods of time. Future research along these lines is needed to further examine the dynamic changes of motivation using asymmetric frontal cortical activity.
| S U M M A R Y , F U T U R E D I R E C T I O N S , AN D C O N C L U S I O N
In this article, we have reviewed research that has shown that greater relative left frontal cortical activity is associated with approach motivational processes, whereas greater relative right frontal cortical activity is associated with withdrawal motivational processes. However, much less research has tested the relationship of relative right frontal activity and withdrawal motivation. Future research is thus needed to address this relationship.
The research we reviewed is more consistent with predictions derived from the motivational direction model than the affective valence model. For many psychological traits and states, the two models converge in their predictions and explanations of the observed results, because most positive affects are associated with approach motivation and most negative affects are associated with withdrawal motivation. The two models diverge in their predictions for anger: The affective valence model predicts anger as a negative affect should be associated with greater relative right frontal activity, whereas the motivational direction model predicts anger as an approach motivation should be associated with greater relative left frontal activity. As reviewed, anger has been found to be associated with greater relative left frontal activity. The two models would also diverge in their predictions for low versus high approach-motivated positive affect. The affective valence model would predict that both types of positive affect would be associated with greater relative left frontal activity. However, the research that has been conducted so far has revealed that high approach-motivated positive affect is associated with greater relative left frontal activity than low approach-motivated positive affect (Harmon-Jones, HarmonJones et al., 2008; Price et al., 2013) . These results are consistent with predictions derived from the motivational direction model. It should be noted, however, that there are only a few experiments comparing the effects of low versus high approachmotivated positive affect on asymmetric frontal cortical activity. More research of this kind is needed. Also needed is research examining negative affective states that vary in the intensity of withdrawal motivation.
The frontal cortex is involved in a number of psychological processes, and it is possible that asymmetric frontal cortical activity may still be associated with affective valence. Other methods such as fMRI may reveal more complex patterns of activation (e.g., Miller et al., 2013) , but the EEG research, although less spatially sensitive, is consistent with lesion work, tDCS/rTMS research, and research using magnetoencephalography (Moran, Weierstall, & Elbert, 2014) . Apparently, there are some large areas of the left and right frontal cortices sensitive to electrical measures and manipulations that relate to approach and withdrawal motivation. Moreover, these results are consistent with research conducted with nonhuman animals (e.g., Gygax, Reefmann, Wolf, & Langbein, 2013; Quaranta, Siniscalchi, & Vallortigara, 2007; Rogers, 2002) .
In this article, we reviewed research that suggested that resting asymmetric frontal cortical activity's relationship with other trait variables may be moderated by situational variables. These variables may influence resting asymmetry and trait relationships because these variables influence approach or withdrawal motivation. For instance, certain times of day and seasons ) may influence the intensity of approach/withdrawal motivation, and it is possible some individuals may be even more susceptible to these influences (e.g., individuals with seasonal affective disorder or tendencies toward it). Research is needed to further test these ideas. Another situational variable that may influence resting-trait relationships is body posture, which has been found to influence asymmetric frontal cortical activity via its influence on approach motivational intensity (see review by Price, Peterson, & Harmon-Jones, 2012) . For example, recording resting EEG while participants are in a supine body posture may reduce approach motivation and also reduce relationships between relative left frontal cortical activity and other measures of trait approach motivation (e.g., BAS). Alternatively, recording resting EEG while participants are in a leaning-forward body posture may increase approach motivation and also increase relationships between relative left frontal cortical activity and other measures of trait approach motivation (assuming, of course, that the leaning forward does not become uncomfortable). Characteristics of the experimenters may also inadvertently influence resting-trait relationships, as Wacker and colleagues' (2013) research has suggested. Experimenters who evoke approach motivation in participants might inadvertently increase relationships between trait approach motivation and relative left frontal activity, whereas experimenters who evoke withdrawal motivation in participants might inadvertently increase relationships between trait withdrawal motivation and relative right frontal activity. All of these ideas need further empirical tests.
Although most of the research reviewed in this article was aimed at understanding the involvement of asymmetric frontal cortical activity in emotive processes, this research has also made other contributions to understanding emotion and motivation more generally. In particular, the research on anger has illustrated how negative affect is not always associated with withdrawal motivation as some previous theories had posited. Moreover, the research on positive affect has illustrated that some positive affects are associated with low approach motivation, whereas other positive affects are associated with high approach motivation.
We hope this review inspires new research on the psychophysiological functions of asymmetric frontal cortical activity. We also hope this review illustrates how psychological theory can assist in a more complete understanding of neural processes, and how psychophysiological research can assist in the development and refinement of psychological theories.
